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Idiopathic hypercalciuria: A familial generalized renal hyperexcretory
state.Twenty-two children with idiopathic hypercalciuria (IH) as well as
their parents and siblings were compared to 29 control children and
their parents and siblings. Urinary calcium excretion following calcium
deprivation or calcium loading was significantly higher in parents and
siblings of the IH children than in the corresponding controls. Signifi-
cantly higher rates of glomerular filtration and increased urinary
excretion of sodium potassium and phosphate were found in all family
members in the IH group as compared to controls. Significant positive
correlations of the five variables studied (glomerular filtration and
urinary excretion of calcium, phosphate, sodium, and potassium) were
noted within individuals and also within families, both in the IH and the
control groups, notwithstanding the lower mean levels in the latter.
Serum concentrations of calcium, phosphate, potassium, and sodium
were similar in the IH and controls. The distributions of all urinary
variables in both the IH and control groups were unimodal with
considerable overlap of the two groups, suggesting that IH may be a
single entity, possibly representing the upper end of normality. Our data
seem to indicate that IH is more likely to be due to nutritional than to
genetic factors, since maintenance of sodium potassium homeostatis in
the face of increased excretion necessitates increased ingestion of these
electrolytes, while increased sodium ingestion is known to be associat-
ed with increased urinary excretion of calcium, potassium, and
phosphate.
Hypercalciurie idiopathique: Un état d'hyperexcrétion rénale génerali.
see familiale. Vingt-deux enfants avec une hypercalciurie idiopathique
(IH) ainsi que leurs parents et fratrie ont été compares a 29 enfants
contrôles et leurs parents et fratrie. L'excrétion urinaire de calcium
aprCs restriction calcique ou charge calcique était significativement plus
elevee chez les parents et Ia fratrie des enfants IH que chez les
contrôles correspondants. Des debits de filtration giomCrulaire signifi-
cativement plus élevés, et des elevations de l'excretion urinaire de
sodium, de potassium, et de phosphate ont été trouves chez tous les
membres des families du groupe IH par rapport au contrôle. Des
correlations positives significatives des cinq variables étudiCes (filtra-
tion glomCrulaire et excretion urinaire de calcium, phosphate, sodium,
et potassium) ont Cté notées chez les individus, et aussi dans les families
chez les groupes IH et contrôle, maigre des concentrations moyennes
plus faibles chez le dernier. Les concentrations sériques de calcium,
phosphate, potassium, et sodium étaient identiques chez les IH et les
contrOles. Les distributions de toutes les variables urinaires chez les
groupes IH et contrôles étaient unimodales, avec un chevauchement
considerable entre les deux groupes, suggerant que i'IH pourrait etre
une entité unique, représentant peut-étre Ia partie supérieure de Ia
normale. Nos donnees semblent indiquer que l'IH est probablement
due a des facteurs plus nutritionnels que génétiques, puisque le main-
tien de l'homeostasie du sodium et du potassium en presence d'une
augmentation de i'excretion nécessite l'augmentation de l'ingestion de
ces electrolytes, tandis que i'augmentation accrue de sodium est
connue pour étre associee avec l'augmentation de l'excretion urinaire
de calcium, de potassium, et de phosphate.
Idiopathic hypercaiciuria (IH) is a common familial anomaly
accounting for 30 to 40% of patients with calcium stones Ill. It
has been divided into three major types: (1) renal hypercal-
ciuria, assumed to reflect a primary renal tubular calcium loss,
compensated by an increment in intestinal absorption [2]; (2)
absorptive hypercaiciuria, due to a primary enhancement of
calcium absorption from the gut, causing an increase in its
urinary excretion [3, 4]; (3) hypophosphatemic hypercalciuria,
due to a primary urinary phosphate loss with resultant hypo-
phosphate mia and increased production of 1,25 dihydroxyvita-
mm D, leading to an increased intestinal calcium absorption [5,
6]. Recently, in a study of hypercalciuric stone formers, a
proximal renal tubular defect associated with reduced reabsorp-
tion of sodium, magnesium, and water as well as calcium has
been postulated [7].
An autosomal dominant genetic transmission of IH has been
suggested [8], although environmental factors could not be
excluded. The aim of this study was to investigate glomerular
and tubular function in patients with IH as compared to
controls, under conditions of calcium restriction and load, and
to assess the familial aggregation of hypercalciuria.
Methods
Clinical data. Two groups of families were investigated: (1)
An IH group originating in 22 hypercalciuric index children, 10
with urolithiasis, and 12 with renal colic only. The calcium-
creatinine ratio was above 0.25 in three or more random urine
samples in all; this value is equated with overt hypercalciuria in
the pediatric age group [9]. (2) A control group originating in 29
children with normal serum creatinine concentrations. Twenty-
one of the children had a history of cystitis but exhibited a
normal intravenous urogram and micturating cystourethro-
gram, and eight presented with microscopic hematuria.
All parents and siblings and index children in both IH and
control groups, were studied, with the exception of children
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Table 1. Urinary excretion of calcium during restricted calcium diet (RUcaV) and the increment following calcium load (DUcaV) in index
children, parents, and siblings of idiopathic hypercalciuria (IH) patients and control families
Ill Controls
Index
children
N=22
Parents
N=42 SiblingsN=26
Index
children
N=29
Parents
N=54 SiblingsN=46
RUcaV, p.g/min/kg body wt
DUcaV, jtg/min/kg body wt
1.09 0.18
2.61 0.77
1.00 0.09
2.45 0.28
0.93 0.19
2.05 0.43
0.57 0.11
1.35 0.27
0.57 0.08
1.34 0.17
0.43 0.06
1.03 0.24
below the age of five and pregnant mothers. Informed consent
was obtained from all.
Response to calcium restriction and load. All subjects were
maintained on a low calcium diet, from which all dairy products
were omitted, for 6 days. Cellulose phosphate (Abic), 70
mglkgbw, was administered three times daily during the last 2
days. On day 7, following an overnight fast, an early morning
oral load of water, 10 mI/kg of body weight, was given. Urine
samples were collected over the following 2 hr, and a first
midpoint blood sample was drawn. The fast was terminated by
a light standard breakfast, followed by the oral administration
of 15 mg/kg of body weight elemental calcium as calcium
gluconate, dissolved in 10 ml/kg of body weight water. After a
2-hr equilibration period, an additional oral water load, 10 ml/kg
of body weight, was administered, followed by a second 2-hr
urine collection during which a second midpoint blood sample
was drawn.
Laboratory methods. Serum and urine calcium concentra-
tions were determined by the Cornith Clinton Lab System [10],
creatinine by the Jaffe Reaction, phosphate by the Fiske and
Subarow method [11], sodium and potassium by flame photom-
etry and cyclic AMP by the protein binding assay of Gilman
[121.
Statistical analysis. Univariate comparison of each of the
study variables, between index children, parents, and siblings
in the IH group, to their counterparts in the control group, as
well as to the family members within each of the study groups,
was done by two-way analysis of variance (Biomedical comput-
er programs, University of California-BMDP 7D). Multiple
comparisons between these subgroups were done by Scheffe's
test. Comparison of all study variables simultaneously between
the IH and controls was achieved by Hotelling t2 (BMDP 3D).
The correlations of all possible pairs of variables removing the
effect of the other variables were evaluated by partial correla-
tions (BMDP 6R). The data were log transformed to normalize
the distributions and stabilize the variances.
The ability of the combination of urinary variables to distin-
guish between individuals belonging to the IH group, as com-
pared to the controls, was assessed by using a combined
standardized score of all urinary variables of each individual,
Sum U, which consisted of the summation over all variables of
the difference of the log of the value of each variable from its
mean in the control group, divided by the respective SD.
Xij - in
Sum U =
Sin
Xii is the log value of the ith variable in thejth individual; Xin is
the mean of the log transformed ith variable in the control
group; Sin is the SD of the log transformed ith variable in the
control group; k represents the number of urinary variables.
Familial association of each of the study variables was analyzed
by testing the significance of the correlation between the value
in the index child and the mean of the rest of the family
members.
Results
In the 22 IH families, 22 index children, 42 parents, and 26
siblings were examined. In the 29 control families, in addition to
the 29 index children, 54 parents, and 46 siblings were exam-
ined. In two IH and four control families, one parent was not
examined due to technical reasons.
Male:female ratios were 44:46 in the total IH and 65:64 in the
total control groups. The mean SD ages were 20.2 13.8 and
23.5 14.6, respectively. The ratio of families of Oriental
versus European origin was 12: 10 in the IH and 16: 13 in the
controls. The mean SD weights were 48.8 kg 23.2 in the IH
and 53.0 kg 22.4 in the controls. All differences were not
significant.
Patterns ofcalcium excretion in the IH and controls
The means of urinary excretion of calcium on restricted
calcium diet, gImin/kg of body weight, (RUcaV) and incre-
ment in urinary excretion of calcium following its load,
j.tg/min/kg of body weight, (DUcaV) values were considerably
higher in the hypercalciuric index children, parents, and sib-
lings than in their corresponding controls (P < 0.001 for each
category of family members) (Table I). No significant differ-
ences in RUcaV or DUcaV were observed between the index
children and their parents and siblings, either in the IH or in the
control groups (P > 0.40) (Figs. 1 and 2 and Table I).
There was, however, a considerable overlap in the distribu-
tion of these variables between the IH and control groups,
namely a "grey zone" which included values of RUcaV and
DUcaV of both IH and controls.
Urinary excretion and serum concentration of electrolytes in
the IH and controls
There were no significant differences in the urinary excretion
rates of sodium, potassium, and phosphate (UnaV, UkV,
UpV), urinary cAMP and serum concentrations of calcium,
sodium, and potassium, analyzed in a univariate mode between
the respective index children and their parents and siblings
within each of the two study groups. Creatinine clearances
(Clcr) were slightly higher, and serum phosphate concentrations
were lower in parents as compared to offsprings (P < 0.01) in
both groups, reflecting the effect of age. Consequently, for
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IH I Control I
Fig. 2. Increment in urinary excretion of calcium following its load (DUcaV, ji.glminlkg body wt) in IH and controls. Abbreviations are: index
children (i), parents (p), and siblings (s).
comparison of all the above variables between the two study
groups, the data of all family members within each group were
pooled. Table 2 presents the mean SE of the study variables,
other than RUcaV and DUcaV, and the results of their statisti-
cal comparison between the IH and controls, during calcium
restriction (RucaV). During calcium load there was a similar
relationship between these variables in the IH group as com-
pared to the controls. Thus, statistical analysis of the pattern
following calcium load gave results similar to those observed
during calcium restriction.
In comparison to the controls, the IH group had highly
significant increased levels of Clcr, UnaV, and UpV, and
decreased levels in cAMP. Multivariate analysis, testing simul-
taneously the equality of means of all urinary variables other
than calcium by Hotelling t2, showed a highly significant
difference between the IH and Control groups during calcium
restriction and load (P C 0.01), while the change within each of
the two groups in all variables following Ca load was not
significant (P = 0.13).
Within each of the two study groups, significant positive
correlations (P C 0.01) of all possible pairs of the urinary
variables (Clcr, RUcaV, UNaV, UkV, and UpV) with each
other were observed by partial correlation analysis. This indi-
cates that within each of the two groups, individuals who had a
high value for one variable had higher values of all other four
variables, while those with a low value of one had lower values
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Fig. 1. Urinary excretion of calcium on restricted calcium diet (RUcaV, ,aglminlkg body wt) in IH and controls. Abbreviations are: index children
(i), parents (p), and siblings (s).
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Table 2. Creatinine clearance (Clr), urinary excretion of sodium
(UnaV), potassium (UkV), phosphate (UpV), cAMP, and Sum U
(mean SEM) in IH and controls during restricted calcium diet
IH
N = 90
Cont
N =
rols
129 Significance
Clr, mt/mm J732 109.36 5.85 84.41 5.43 <0.001
UnaV, Eq/min/kg
body wt 23.69 2.29 14.66 0.90 <0.001
UkV, pEq/min/kg
body WI 11.99 0.76 8.14 0.47 <0.001
UpV, p.g/min/kg
body WI 6.18 0.73 3.61 0.34 <0.001
cAMP, nmoles/mg
creatinine 42.06 2.43 89.10 10.64 <0.001
Sum U 3.45 0.52 0.18 0.27 <0.001
of the other four variables as well. However, the IH group was
at the upper range with respect to all five variables. This is
reflected in the significantly increased Sum U in the Ill as
compared to the controls (Fig. 3). It is of interest to note that
the distribution of Sum U in both IH and controls appears to be
unimodal,
Table 3 presents the mean SEM of the serum electrolytes
(Ca, Na, K and P). No significant differences between the IH
and controls were noted.
Familial patterns of urinary electrolyte excretion in IH and
control families
The correlation between the value in the index child and the
mean of all other family members in the IH and control families,
for each of the urinary variables, is presented in Table 4 and for
Sum U, also in Figure 4. In the two study groups, significant
positive correlation for all variables were noted. In other words,
in both IH and controls, higher levels of RUcaV, UnaV, UkV,
UpV, and CIc- in the index child indicated higher levels in the
other family members, as compared to families of index chil-
dren with lower levels of these variables.
Table 3. Serum concentrations of Ca, Na, K, and P (mean SEM) in
idiopathic hypercalciuria patients (IH) and controls during restricted
calcium diet
IH
N=90
Controls
N=129
Ca, mg/dl 9.95 9.64
Na, mEq/liter 137.71 138.64
K, mEqiliter 4.52 4.55
P. mgldl 3.55 3.52
Discussion
Our data, based on a total family profile, indicate that the
state of hypercalciuria is associated with increased creatinine
clearance, and elevated urinary excretion rates of sodium
potassium and phosphate. Furthermore, positive associations
between these variables were found within individuals and also
within families in both the IH and control groups.
It has been suggested that hypercalciuria may be due to a
primary renal phosphate leak leading to hypophosphatemia,
increased serum 1 ,25(OH)2D3 levels and enhanced intestinal
absorption of calcium [5, 6]. However, as previously docu-
mented also by other investigators [2, 3], serum phosphate
levels in the IH group were similar to those observed in the
control group. Therefore, it is unlikely that this mechanism was
responsible for the hypercalciuria of our patients. It has been
suggested that hypercalciuria consists of two main categories:
(1) renal hypercalciuria, usually characterized by elevated
cAMP or iPTH values and high urinary excretion rate of
calcium while on restricted calcium diet; (2) absorptive hyper-
calciuria, associated with low cAMP or iPTH values, and
usually normal urinary calcium excretion rate following calcium
restriction [2—4]. Compared to the controls, our hypercalciuric
population had lower cAMP values but, on the other hand,
increased urinary excretion rates of calcium while on a restrict-
ed diet. Thus, their urinary excretion patterns did not conform
to the predicted models of either renal or absorptive hypercal-
ciuria. Similar observations of low PTH levels in patients with
higher than normal fasting urine calcium excretion rates were
published recently [13]. No indication of bimodality in any of
the parameters studied was observed in our patients with
hypercalciuria. Our results agree with data published recently
[13], suggesting that absorptive and renal hypercalciuria proba-
bly constitute a continuum. Consequently, any attempt to
divide our patients into those two entities, according to preva-
lent concepts, would be artificial.
An increased urinary excretion of calcium, phosphate, and
potassium following sodium load has been demonstrated [14—
16]. This finding was attributed to an increase in extracellular
fluid volume. Since GFR, like urinary excretion of electrolytes,
is modulated by changes in extracellular fluid volume, it may
well be that all our findings reflect a mild degree of persistently
higher extracellular fluid volume. The elevation in urinary
excretion rates of calcium sodium phosphate and potassium has
to be accompanied by an increase in dietary intake, or in
gastrointestinal absorption of these electrolytes, since it is
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Fig. 3. Sum U in IH and controls.
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IH, N = 22 Contro
r
is, N = 29
Pr P
RUcaV 0.48 0.03 0.52 <0.01
Clcr 0.76 <0.001 0.57 <0.001
UnaV 0.44 0.04 0.56 <0.01
UkV 0.43 0.05 0.54 <0.01
UpV 0.77 <0.01 0.52 <0.01
Sum U 0.63 <0.01 0.60 <0.001
cAMP 0.48 0.03 0.52 <0.01
Abbreviations: r, correlation coefficient; F, significance of r.
unlikely that these patients could sustain a negative electrolyte
balance for any length of time. It can be argued that the
difference between our IH and control group reflects a differ-
ence in dietary intake not obliterated by the overnight fast used
in our protocol. For calcium this possibility seems to be refuted
by the significant hypercalciuria after a prolonged, 6-day calci-
um-restricted diet. On the other hand, in our experimental
design, the consumption of the other electrolytes tested was not
controlled. Thus, it may well be, that an increased sodium
intake resulting in some degree of extracellular fluid volume
expansion is the initiating factor, causing the increased excre-
tion of calcium phosphate and potassium.
Data suggesting that IH is a familial disorder have been
published previously [17—201 and an autosomal mode of inheri-
tance has been suggested [81. In our study parents and siblings
in both the IH and control families had similar excretion rates of
calcium, phosphate, sodium, and potassium to their corre-
sponding index children.
Although responsibility of genetic factors should still be
considered, they seem less likely than environmental factors in
view of our findings. Sodium and potassium homeostasis is
achieved entirely by excretion, as practically all ingested
amount is absorbed. It follows that the increased urinary
excretion of sodium and potassium reflects entirely an increase
in the ingestion of these two ions. As increased ingestion of
sodium will lead to increased excretion of all other ions, it
seems that familial aggregation of the hyperexcretory state is
more readily explained on the basis of common nutritional
factors.
The lack of bimodality in the distribution of the urinary
variables in the IH and control groups, and the extensive
overlap in values between the IH and controls in our own and
other studies [2—4], also seem to indicate that hypercalciuria is
not a metabolic aberration but rather represents the upper range
of normality. The suggestion that increased dietary intake,
particularly of sodium, is the initial factor that shifts individuals
into the upper range, may be of importance in consideration of
preventive measures for reducing the high risk for kidney
stones in hypercalciuria.
Reprint requests to Dr. M. Aladjem, Department of Pediatrics B,
AssafHarofeh Hospital, Zer,fin 70350, Israel
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